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Description 

[0001] The present invention relates to a process for 
preparing cyclohexanone, cyclohexanol and cyclohexyl 
hydroperoxide. 

[0002] Hitherto, cyclohexanone, cyclohexanol and/or 
cyclohexyl hydroperoxide are often prepared by oxidiz- 
ing cyclohexane with molecular oxygen (hereinafter re- 
ferred to as "oxygen" simply) in the production process 
of KA oil (a mixture of cyclohexanone and cyclohexa- 
nol), arid the like. 

[0003] In these years, an improved process for oxidiz- 
ing cyclohexane with oxygen using a catalyst compris- 
ing an imide compound such as N-hydroxyphthalimide 
or a catalyst comprising such an imide compound and 
a metal compound has been developed. For example, 
JP-A-8-38909, JP-A-9-327626, JP-A-1 0-286467 and 
JP-A-1 1-349493 disclose a process for oxidizing cy- 
clohexane in the presence of the above catalyst in an 
organic solvent under an oxidizing atmosphere. JP-A- 
9-87215 and JP-A-9-143109 disclose a process for ox- 
idizing cyclohexane using the above catalyst in the ab- 
sence of solvents while flowing air or a nitrogen-oxygen 
mixture gas. 

[0004] However, the process disclosed in JP-A- 
8-38909, etc. has insufficient productivity because of a 
low volumetric efficiency, and it is not a satisfactory proc- 
ess from the view point of costs since the amount of the 
catalyst used is large. In the process disclosed in JP-A- 
9-87215, etc., the conversion of cyclohexane is insuffi- 
cient. 

[0005] An object of the present invention is to prepare 
cyclohexanone, cyclohexanol and/or cyclohexyl hy- 
droperoxide at a high productivity. 
[0006] As a result of the extensive study, it has been 
found that the oxidation reaction of cyclohexane is ac- 
celerated when the reaction is carried out with adding 
cyclohexanone to the mixture of cyclohexane, a catalyst 
and oxygen, and thus the above object is achieved, and 
the present invention has been completed. 
[0007] Accordingly, the present invention provides a 
process for preparing cyclohexanone, cyclohexanol 
and/or cyclohexyl hydroperoxide which comprises con- 
ducting oxidation of cyclohexane with an oxygen-con- 
taining gas in a reaction system containing cyclohexane 
and a catalyst comprising a cyclic N-hydroxyimide and 
a transition metal compound, cyclohexanone being add- 
ed to the reaction system while conducting the oxida- 
tion. 

[0008] In the process of the present invention, cy- 
clohexane is oxidized by allowing it to be in contact with 
an oxygen-containing gas using a catalyst comprising a 
cyclic N-hydroxyimide and a transition metal in the pres- 
ence of cyclohexanone, which is initially added. 
[0009] Examples of the cyclic N-hydroxyimide include 
N-hydroxyphthalimide, N-hydroxynaphthalimide, N-hy- 
droxymaleimide, N-hydroxysuccinimide, etc., each of 
which may optionally have at least one substituent. 



[0010] Examples of the substituent include alkyl 
groups having 1 to 6 carbon atoms, preferably 1 to 3 
carbon atoms, aryl groups having 6 to 1 8 carbon atoms, 
preferably 6 to 12 carbon atoms, halogen atoms (e.g. 
5 fluorine atom, chlorine atom, etc.), a nitro group, and so 
on. 

[0011] Specific examples of the cyclic N-hydroxyim- 
ide include N-hydroxyphthalimide, N-hydroxychloroph- 
thalimide, N-hydroxynitrophthalimide, N-hydroxynaph- 
10 thalimide, N-hydroxychloronaphthalimide, N-hydroxy- 
maleimide, N-hydroxysuccinimide, etc. 
[001 2] The cyclic N-hydroxyimides may be used as a 
mixture of two or more of them, if necessary. 
[001 3] The amount of the cyclic N-hydroxyimide to be 
is used may be about 0.1 % by mole or less, and is pref- 
erably about 0.05 % by mole or less, and is more pref- 
erably about 0.01 % by mole or less, based on the 
amount of cyclohexane. The amount of the cyclic N-hy- 
droxyimide is preferably at least about 0.0001 % by 

20 mole, and more preferably at least about 0.001 % by 
mole, based on the amount of cyclohexane. 
[0014] Examples of the transition metal element con- 
tained in the transition metal compound include cerium, 
titanium, vanadium, chromium, molybdenum, manga- 

25 nese, iron, ruthenium, cobalt, rhodium, nickel, copper, 
etc. Among them, cobalt, cerium, manganese ruthe- 
nium and copper are preferred. The transition metal 
compound may be oxides, organic acid salts, inorganic 
acid salts, halides, alkoxides, complexes such as acety- 

^o lacetonates, oxoacids and their salts, isopolyacids and 
their salts, heteropolyacids and their salts, etc. The tran- 
sition metal compounds may be used as a mixture of 
two or more of them, if necessary. 
[0015] The amount of the transition metal compound 

35 to be used may be about 0.1 % by mole or less, and is 
preferably about 0.01 % by moie, and is more preferably 
about 0.005 % by mole, based on the amount of cy- 
clohexane. The amount of the transition metal com- 
pound is preferably at least about 0.000001 % by mole, 

40 and more preferably at least about 0.00001 % by mole, 
based on the amount of cyclohexane. 
[0016] The oxygen-containing gas may be oxygen, 
air, or oxygen or air diluted with inert gas such as nitro- 
gen, helium^tc. 

45 [0017] The concentration of oxygen in the oxygen- 
containing gas is preferably from about 5 % by volume 
to about 30 % by volume, and more preferably from 
about 1 0 % by volume to about 25 % by volume. 
[0018] The* amount of the oxygen-containing gas to 

50 be fed is preferably from about 1 % by mole to about 50 
% by mole, and more preferably from about 1 % by mole 
to about 20 % by mole, in terms of the amount of oxygen, 
based on the amount of cyclohexane. 
[0019] For example, the oxygen-containing gas may 

55 be fed by dispersing bubbles of the oxygen-containing 
gas in the mixture containing cyclohexane, the catalyst 
and cyclohexanone. In such a case, a gas inlet tube may 
be used, or gas-blowing pores are provided in the reac- 
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tor which contains the mixture. 
[0020] The size of the bubbles may be suitably adjust- 
ed. From the viewpoint of increase of the reaction rate, 
the diameter of the bubbles is made small and is pref- 
erably 1 mm or less. 

[0021] In the present invention, cyclohexanone is 
added to the reaction system in addition to cyclohexane, 
the catalyst and the oxygen-containing gas. The pres- 
ence of cyclohexanone in the reaction system can ac- 
celerate the oxidation reaction of cyclohexane and in- 10 
crease the productivity. In addition, since cyclohex- 
anone has a high ability to dissolve the catalyst, the cat- 
alyst can be dissolved in cyclohexanone or a liquid con- 
taining cyclohexanone, so that the catalyst can be sup- 
plied with good workabiliy. 15 
[0022] The amount of cyclohexanone to be added 
may be at least about 0.1 part by weight, and is prefer- 
ably at least about 0.2 part by weight, per 100 parts by 
weight of cyclohexane. The amount of cyclohexanone 
is preferably about 1 0 parts by weight or less and more 20 
preferably about 5 parts by weight or less. 
[0023] In addition, cyclohexanol may also be added 
to the reaction system. In such a case, cyclohexanol can 
be oxidized to form cyclohexanone simultaneously with 
the oxidation of cyclohexane. When cyclohexanol is 25 
added, the amount of cyclohexanol may be from about 
0.1 part by weight to about 15 parts by weight, and is 
preferably from about 0.2 part by weight to about 10 
parts by weight, per 1 00 parts by weight of cyclohexane. 
[0024] Cyclohexanone to be added to the reaction so 
system may be one obtained by the process of the 
present invention. For example, a mixture containing cy- 
clohexanone, which has been prepared by the process 
of the present invention, can be returned to the reaction 
system. 35 
[0025] Cyclohexanol which may optionally be added 
to the reaction system may be one prepared by the proc- 
ess of the present invention. For example, a mixture 
containing cyclohexanol, which has been prepared by 
the process of the present invention, can be returned to 40 
the reaction system. 

[0026] The mixture containing cyclohexanone and/or 
cyclohexanol to be added to the reaction system may 
be a fraction or a still residue, which is resulted from 
distillation and separation of the reaction mixture. 45 
[0027] Cyclohexane and the catalyst may be recov- 
ered from the reaction mixture and recycled to the reac- 
tion system. Whether the catalyst is recovered or not 
may be decided by taking the costs or other factors into 
consideration. so 
[0028] The reaction temperature may be from about 
90°C to about 160°C, and is preferably from about 
120°C to about 150°C. The reaction pressure may be 
from about 0.1 MPa to about 3 MPa, and is preferably 
from about 0.1 MPa to about 2 MPa. 55 
[0029] The reaction time (or the residence time) may 
be from about 0.1 hour to about 4 hours, and is prefer- 
ably from about 0.2 hour to about 2 hours. 



[0030] From the viewpoint of operability and produc- 
tivity, the reaction is preferably carried out by continu- 
ously supplying cyclohexane, the catalyst, the oxygen- 
containing gas, cyclohexanone and optional cyclohex- 
5 anol to the reaction system while removing the reaction 
mixture and waste gas from the reaction system. 
[0031] The concentration of oxygen in the waste gas 
may be from about 0.01 % by volume to about 1 0 % by 
volume, and is preferably from about 0.01 % by volume 
to about 8 % by volume, in view of a selectivity to the 
product and safety of the process. 
[0032] A ratio of the oxygen concentration in the 
waste gas to that in the oxygen-containing gas to be 
supplied may be from about 0.0004 to about 0.5. 
[0033] Post-treatment after the reaction includes fil- 
tration, concentration, washing, treatment with an alkali 
or an acid, etc. Two or more of these treatments may be 
combined, if necessary. 

[0034] The treatment with an alkali can saponify es- 
ters of carboxylic acids such as adipic acid with cy- 
clohexanol to regenerate cyclohexanol, and also con- 
vert cyclohexyl hydroperoxide to cyclohexanone and/or 
cyclohexanol. 

[0035] The purification may be carried out by, for ex- 
ample, distillation. 

[0036] According to the process of the present inven- 
tion as described above, the oxidation reaction of cy- 
clohexane is accelerated and thus cyclohexanone, cy- 
clohexanol and/or cyclohexyl hydroperoxide are pro- 
duced at a high productivity. 

EXAMPLES 

[0037] The present invention will be illustrated by the 
following Examples, which do not limit the scope of the 
invention in any way. 

[0038] In the Examples, an oxygen-containing gas 
having an oxygen concentration of 5 % by volume or 
10.5 % by volume was prepared by diluting an air with 
nitrogen gas. The oxygen-containing gas was blown in 
a reaction mixture with a gas -in let tube. The gas was 
exhausted through a cooling tube, which was cooled 
with water at 8^, and a pressure-control valve. 
[0039] Cyclohexane, cyclohexanone, cyclohexanol 
and cyclohexyl hydroperoxide were analyzed by gas 
chromatography, and adipid acid was analyzed by ion 
chromatography. From the results of those analyses, 
the convention of cyclohexane, the total yield of cy- 
clohexanone, cyclohexanol and cyclohexyl hydroperox- 
ide, and the yield of adipic acid were calculated. 

Example 1 

[0040] In a one liter glass autoclave, cyclohexane 
(252,5 g, 3 moles), N-hydroxyphthalimide (0.28 g, 0,002 
mole), cobalt octate (0.016 g, 0.00005 mole), cyclohex- 
anone (6.7 g) and cyclohexanol (6.7 g) were charged, 
and a pressure and a temperature were adjusted to 1 .05 
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MPa and 130°C respectively under a nitrogen atmos- 
phere. 

[0041] Into the mixture in the autoclave, the oxygen 
containing gas having an oxygen concentration of 5 % 
by volume was blown for one hour at a rate of 400 ml/ 5 
min. while maintaining the above pressure and temper- 
ature. Thereafter, the oxygen-containing gas was 
switched to an air which was blown at a rate of 1 00 ml/ 
min. After that, the rate of the air blowing was gradually 
increased to 550 ml/min . At the same time as the switch 1 o 
of the oxygen-containing gas to the air, (i) cyclohexane 
containing 76 ppm by weight of cobalt octate and (ii) cy- 
clohexane containing 0.05 % by weight of N-hydroxyph- 
thalimide, 12.4% by weight of cyclohexanone and 12.4 
% by weight of cyclohexanol both started to be added is 
to the mixture at 4.0 g/min. and 1 .0 g/min. respectively. 
Successively, the reaction mixture was removed from 
the autoclave at substantially the same rate as the sup- 
ply rate of the whole supply liquid while maintaining the 
above pressure and temperature, and the reaction was 20 
continued for 5 hours with a residence time of 1 hour. 
[0042] The average oxygen concentration of the 
waste gas was 3.1 % by volume. In the whole supply 
liquid, the concentrations of cyclohexane, cyclohex- 
anone, cyclohexanol, N-hydroxyphthalimide and cobalt 25 
octate were 95 % by weight, 2.4 % by weight, 2.4 % by 
weight, 0.01 % by weight (0.0056 % by mole based on 
cyclohexane) and 61 ppm by weight (0.001 6 % by mole 
based on cyclohexane) respectively. 
[0043] The removed reaction mixture was analyzed. 30 
The concentrations of cyclohexanone, cyclohexanol 
and cyclohexyl hydroperoxide were 5.2 % by weight, 3.8 
% by weight and 0.1 % by weight respectively, the con- 
version of cyclohexane was 5.4 %, and the total yield of 
cyclohexanone, cyclohexanol and cyclohexyl hydroper- 35 
oxide was 3.8 % (a selectivity of 71.4 %). The yield of 
adipic acid was 0.7 % (a selectivity of 13.1 %). 

Example 2 

40 

[0044] In a one liter glass autoclave, cyclohexane 
(252.5 g, 3 moles), N-hydroxyphthalimide (0.28 g, 0.002 
mole), cobalt octate (0.01 6 g, 0.00005 mole), cyclohex- 
anone (6.8 g) and cyclohexanol (6.7 g) were charged, 
and a pressure and a temperature were adjusted to 1 .05 45 
MPa and 140°C respectively under a nitrogen atmos- 
phere. 

[0045] Into the mixture in the autoclave, the oxygen 
containing gas having an oxygen concentration of 5 % 
by volume was blown for one hour at a rate of 400 ml/ so 
min. while maintaining the above pressure and temper- 
ature. Thereafter, the oxygen-containing gas was 
switched to an air which was blown at a rate of 100 ml/ 
min. After that, the rate of the air blowing was gradually 
increased to 700 ml/min. At the same time as the switch 55 
of the oxygen-containing gas to the air, (i) cyclohexane 
containing 76 ppm by weight of cobalt octate and (ii) cy- 
clohexane containing 0.05 % by weight of N-hydroxyph- 



thalimide, 12.5 % by weight of cyclohexanone and 12.2 
% by weight of cyclohexanol both started to be added 
to the mixture at 4.0 g/min. and 1 .0 g/min. respectively. 
Successively, the reaction mixture was removed from 
the autoclave at substantially the same rate as the sup- 
ply rate of the whole supply liquid while maintaining the 
above pressure and temperature, and the reaction was 
continued for 5 hours with a residence time of 1 hour. 
[0046] The average oxygen concentration of the 
waste gas was 0.2 % by volume. In the whole supply 
liquid, the concentrations of cyclohexane, cyclohex- 
anone, cyclohexanol, N-hydroxyphthalimide and cobalt 
octate were 95 % by weight, 2.5 % by weight, 2.4 % by 
weight, 0.01 % by weight (0.0055 % by mole based on 
cyclohexane) and 61 ppm by weight (0.0016 % by mole 
based on cyclohexane) respectively. 
[0047] The removed reaction mixture was analyzed. 
The concentrations of cyclohexanone, cyclohexanol 
and cyclohexyl hydroperoxide were 6.7 % by weight, 5.0 
% by weight and 0.4 % by weight respectively, the con- 
version of cyclohexane was 8.9 %, and the total yield of 
cyclohexanone, cyclohexanol and cyclohexyl hydroper- 
oxide was 6.7 % (a selectivity of 74.9 %). The yield of 
adipic acid was 0.6 % (a selectivity of 7.5 %). 

Example 3 

[0048] The reaction was carried out in the same man- 
ner as in Example 2 except that the amount of cobalt 
octate to be initially added to the autoclave was changed 
from 0.01 6 g to 0.008 g (0.00002 mole), the final blowing 
rate of the air was changed from 700 ml/min. to 500 ml/ 
min., the concentration of cobalt octate in the cyclohex- 
ane, which started to be added at 4.0 g/min. at the same 
time as the switch from the oxygen-containing gas to the 
air, was changed from 76 ppm by weight to 37 ppm by 
weight. Here, the concentrations of cyclohexane, cy- 
clohexanone,. cyclohexanol, N-hydroxyphthalmide and 
cobalt octate in the whole supply liquid were 95 % by 
weight, 2.5 % by weight, 2.5 % by weight, 0.01 % by 
weight (0.0058 % by mole based on cyclohexane) and 
29 ppm by weight (0.00075 % by mole based on cy- 
clohexane) respectively. 

[0049] Thejemoved reaction mixture was analyzed. 
The concentrations of cyclohexanone, cyclohexanol 
and cyclohexyl hydroperoxide were 5.3 % by weight, 3.9 
% by weight and 0.2 % by weight respectively, the con- 
version of cyclohexane was 5.3 %, and the total yield of 
cyclohexanone, cyclohexanol and cyclohexyl hydroper- 
oxide was 3.8 % (a selectivity of 73.9 %). The yield of 
adipic acid was 0.6 % (a selectivity of 12.1 %). 

Comparative Example 1 

[0050] In a one liter glass autoclave, cyclohexane 
(252.5 g, 3 moles), N-hydroxyphthalimide (0.28 g, 0.002 
mole), cobalt octate (0.016 g, 0.00005 mole) and cy- 
clohexanol (13.4 g) were charged, and a pressure and 
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a temperature were adjusted to 1.05 MPa and 130°C 
respectively under a nitrogen atmosphere. 
[0051] Into the mixture in the autoclave, the oxygen 
containing gas having an oxygen concentration of 1 0.5 
% by volume was blown for one hour at a rate of 400 5 
ml/min. while maintaining the above pressure and tem- 
perature. Thereafter, the oxygen-containing gas was 
switched to an air which was blown at a rate of 200 ml/ 
min. At the same time as the switch of the oxygen-con- 
taining gas to the air, (i) cyclohexane containing 76 ppm 10 
by weight of cobalt octate and (ii) cyclohexane contain- 
ing 0.05 % by weight of N-hydroxyphthalimide and 247 
% by weight of cyclohexanol both started to be added 
to the mixture at 4.0 g/min. and 1.1 g/min. respectively. 
Successively, the reaction mixture was removed from 15 
the autoclave at substantially the same rate as the sup- 
ply rate of the whole supply liquid while maintaining the 
above pressure and temperature, and the reaction was 
continued for 5 hours with a residence time of 1 hour. 
[0052] The average oxygen concentration of the 20 
waste gas was 7.2 % by volume. In the whole supply 
liquid, the concentrations of cyclohexane, cyclohexanol, 
N-hydroxyphthalimide and cobalt octate were 94 % by 
weight, 5.3 % by weight, 0.01 % by weight (0.0061 % 
by mole based on cyclohexane) and 59 ppm by weight 25 
(0.0015 % by mole based on cyclohexane) respectively. 
[0053] The removed reaction mixture was analyzed. 
The concentrations of cyclohexanone, cyclohexanol 
and cyclohexyl hydroperoxide were 1 .3 % by weight, 5.3 
% by weight and 0.5 % by weight respectively, the con- 30 
version of cyclohexane was 1 .8 %, and the total yield of 
cyclohexanone, cyclohexanol and cyclohexyl hydroper- 
oxide was 1 .6 % (a selectivity of 87.9 %). The yield of 
adipic acid was 0.1 % (a selectivity of 6.1 %). 



Claims 

1 . A process for preparing cyclohexanone, cyclohex- 
anol and/or cyclohexyl hydroperoxide which com- *o 
prises conducting oxidation of cyclohexane with an 
oxygen-containing gas in a reaction system con- 
taining cyclohexane and a catalyst comprising a cy- 
clic N-hydroxyimide and a transition metal com- 
pound, cyclohexanone being added to the reaction 45 
system while conducting the oxidation. 

2. The process according to claim 1 , wherein the cy- 
clohexanone prepared by said process is used as 
cyclohexanone to be added to the reaction system, so 

3.. The process according to claim 1, wherein cy- 
clohexanol is added to the reaction system. 

4. The process according to claim 3, wherein the cy- 55 
clohexanol prepared by said process is used as cy- 
clohexanol to be added to the reaction system. 
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